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The present invention relates in general to diode lasers. More specifically, the 
invention relates to a method for modulating output light fix>m a diode laser, to a method of 
writing infonnation to an optical disk comprising outputting a light signal fit}m a laser diode 
device, and to an apparatus for producing a modulated light signal, said apparatus comprising 
5 a diode laser device. 

Diode lasers are an important part of optical storage applications. It is to be 
expected that dual-stripe diode lasers producing light having a wavelength in a region about 
405nm (blue lijght) will be available in the near future. Dual-stripe lasers consist of a high- 
10 power diode laser and a low-power diode laser in the same mount, separated by a few 
hundred microns. 

Due to their open cavity (that is, a cavity with low-reflectivity &cets), high- 
powor diode lasers lend themselves well to the injection of light j&om, for example, the low 
power laser. In this way the high-power laser can for example be forced to emit on the 
1 5 wavelength of the low-power laser (wavelength locking). 

Write-once read-many media (so-called recordable discs, such as for example 
CD-R and DVD+R) incorporate a dye layer onto which the information is written in the form 
of a sequence of marks (also referred to as pits). Traditionally this is done by use of a high- 
power diode laser (DL) of which the current (and hence the output power) is modulated 
20 according to a well-defined scheme, the so-called write strategy. Here the amount of energy 
absorbed by the dye is primarily determined by the output power of the DL. A mark is 
written by depositing enough energy such as to change the chemical composition of the dye. 

It is therefore desirable, amongst other things, to reduce the amount of output 
25 power required to write information to an optical disk. 

According to one aspect of the present invention, there is provided a method 
for modulating output light from a diode laser in which a first diode laser device injects light 
into a second diode laser device, the second diode laser device producing an output light 
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signal, characterized in that the ou^ut light signal has a modulated wavelength dependent 
upon ttie injected li^t from the fiist diode laser device. 

According to another aspect of the present invention, there is provided an 
apparatus for producing a modulated light signal, the apparatus comprising a first diode laser 
5 device operable to produce a first output light signal, and a second diode laser device 

operable to produce a second output light signal, and arranged to receive the first output light 
signal &om the first diode laser device as an input light signal, characterized in that the 
second output light signal has a wavelength modulated in dependence vpon the first output 
light signal. 

10 In' accordance with another aspect of the present invention, a new write 

mechanism is proposed in which it is not the output power of the high-power diode laser 
(DL) that is modulated but its wavelength. The wavelength dependence of the dye-absorption 
translates the DL wavelength modulation into variations of the absorption. 

It will be appreciated that the principles of the present invention can be applied 

15 to modulating the output from diode laser device of any suitable wavelength, dependent upon 
the application of the device. Furthermore, although the device mentioned above is a dual 
stripe device, the principles of the present invention can be ^lied to any laser diode device. 

la addition, althougji the optical data storage scheme described above uses a 
dye-based disk, it will be readily appreciated that the principles of the present invention can 

20 be applied to any storage technique in which the absorption of the recording medium dianges 
with the wavelCTgth of the incident light signal. 

These and further aspects and advantages of the invention will be discussed 
hereinafter with reference to the expended figures, where 
25 Fig. 1 shows a typical absorption curve for a dye used in DVD+R applications. 

Fig. 2 illustrates schematically an apparatus for writing to an recordable disc. 
Fig. 3 illustrates emission spectra fsx>m respective diode lasers, and 
Fig. 4 illustrates wavelength switching of a diode laser. 

30 Figure 1 illustrates a dye-absorption (vertical axis) versus wavelength 

(horizontal axis) curve, and fix>m this curve it can be seen that in a method of writing 
information to write-once read-many discs embodying the present invention, wavelength 
modulation is utilise 
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Figure 2 illustrates one exantple apparatas for producing a wavelengdi- 
modulated signal from a diode laser. In this example, light output fiom a low-power diode 
laser (DL), called the master laser (ML) 1 , is reflected by means of the polarizing beam- 
splitter (PBS) 8 and injected into a high-power DL, called the slave laser (SL) 2. Before the 
light sign al from the ML 1 is injected into the SL 2 its linear polarization is changed to 
circular polarization by passing the light through a X/4-plate 4. The ML 1 produces a light 
signal which passes via a grating G and through a V2-plate 6 into the polarizing beam-splitter 
(PBS) 8. The grating serves to reflect the first diffracted order back to the ML 1 in order to 
stabilize the output of the ML 1 . The zero-th diffiactive order is reflected towards the SL 2, 
and is injected into the SL 2 via a X/4-plate and then a lens CL2. Light output from the SL 2 
is output through the lens CL2 and the V4-plate 4 to the PBS 8. The ligjit output fiom the SL 
2 passes through the PBS 8 and a second X/4-plate 9 to an output lens (objective lens) OLl . 

The emission spectrum of the SL close to threshold is shown in the upper part 
of Fig. 3. It consists of several modes symbolized by vertical bars. 

Generally, the wavelmgth of low-power diode lasers is shorter than their high- 
power counterparts. This is symbolized in Fig. 3 with the vertical arrow indicating the 
position of the wavelength of the ML 1. In the same figure ^sl symbolizes the position of the . 
emission-wavelength of the SL 2 above threshold and without injection fiom the ML 1 . The 
mode of the SL 2 which is closest to and at the same time fiilfils ?Sml-Xsl,iii>0 is indicated 
with >suin. The amount of injected light is determined by the emission power of the ML 1 and 
when this amount exceeds a certain value Plock the wavelength of the SL Xsl^ locks to the 
wavelength of the ML, i,e. ^SL^=^ML Hence the SL 2 starts to laser with the emission 
wavelength >^l. Reducing the emission power of the ML 1 below the locking level causes the 
wavelength of the SL to retum to Xsl. 

As the wavelength of the SL 2 is switched between the free-running value XsL 
and the injection-locked value >mu the absorption of the emitted light from the SL 2 also 
changes. This is due to the fact that the wavelengths are situated on the slope of the dye 
absorption curve. 

Without injection from the ML 1 a certain amount of light from the SL 2 is 
absorbed in the dye layer. This amount is proportional to the absorption coefBcient a(X=>ysO 
at the wavelength of the SL 2 (wifliout injection). The dependence of a oh the wavelength is 
shown in Fig. 1 . When light &om the ML 1 is injected into flie SL 2 the wavelength of the SL 
2 locks to the wavelength of the ML 1 . The absorption of the ligjit fit>m the SL 2 is then 
proportional to a (X=Xsuiif- Since locking occurs when AsL-AsL,m>0 we have, with the 
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use of Rg. 1, 4at c<>c=sl^ cOfXsO- When the absorption is large, that is, for a Q^T^i^, a 
marie is written in the dye and infoimation is thereby stored on the disk. 

Usmg a method embodying the present invention, moves the wavelength of 
the high-power slave diode laser (DL) in the direction of shorter wavelengths, see Fig. 3. This 
5 is a clear advantage since as the wavelengfli decreases the dy^absoiption increases, see Fig. 
1. Due to the increased absorption less output power from the high-power DL is needed m 
order to write a mark in the dye. This has consequences for high-speed recording where the 
amount of emission power needed in order to write a mark increases rapidly with speed. 
Accordingly, with the outUned approach higher speeds could be reached with the same 

10 amount of DL output power. 

In this way the constraints on what type of high-power DLs that could be used 

is also relaxed. 

Further, adapting this inqjlementation means that information can be written to 
recordable-discs without modulating the current of the high-power diode laser. K is the 
15 current of the low-power diode laser (and hence its emission power) that is modulated and 
via mjection this is translated into wavelength variations of the high-power diode laser. 

It is noted that the present invention can be qjpUed not only to diode lasers 
producing Ught having a wavelength in a region about 405nm (blue light), but also to diode 
lasers producing light at alternative wavelengths such as for example about 650nm (red Ught) 
20 and about 780nm (infrared ligjit). 
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CLAIMS: EPO - DG 1 




1 . A method for modxAalSng output light £rom a diode las^ in which a first diode 
laser device injects light into a second diode laser device, the second diode laser device 
producing an ou^ut light signal, characterized in that the output light signal has a wavelength 
dependent upon the wavelength of the light injected fiom the first diode laser device. 

2. A method as claimed in claim 1, wherein the second diode laser device has an 
unmodulated output wavelength and a modulated output wavelength, the unmodulated output 
wavelength being output in the absence of light injected fix>m the first diode laser device, and 
the modulated output wavelengfti being output in the presence of light injected Scam tiie first 
diode laser device. 

3. A method as claimed in claim 2, wherein the unmodulated ou^ut wavelength 
is longer than the modulated output wavelength. 

4. A method as claimed in claim 1, 2, or 3, wherein the first diode laser device is 
a low power device. 

5. A method as claimed in claim 1, 2, or 3, wherein the second diode laser device 
is a high power device. 

6. A method of writing information to an optical disk comprising outputting a 
light signal Scorn a laser diode device, the light signal being modulated in accordance with a 
method as claimed in any one of claims 1 to 5. 

7. A method as claimed in claim 6, wherein the information is written to the 
optical disk by supplying the light signal to a dye layer in the disk. 
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8. A method as claimed in claim 6, wherein the infonnation is written to 

optical disk by supplying the light signal to a layer in the disk, which layer has a Ught 
absorption coefficient that varies with wavelength of incident Ught. 

5 9. An apparatus for producing a modulated Ught signal, the apparatus 

comprising: 

a first diode laser device operable to produce a first output Ught signal; and 
a second diode laser device operable to produce a second output Ught signal, 
and arranged to receive the first output Ught signal fi:om the first diode laser device as an 

10 ii5)Ut Ught signal, 

characterized in that the second ou^ut Ught signal has a wavelength 

modulated in dependence upon the first output Ught signal. 

10. An apparatus as claimedin claim 9, wherem the second diode laser device has 

15 an unmodulated output wavelength and a modulated output wavelength, the second diode 
laser device being operable to output the unmodulated ou^t wavelength in the absence of 
Ught iigected ftom the first diode laser device, and to output the modulated output 
wavelengdi in the presence of Ught injected fiom the first diode laser device. 

20 11. An apparatus as claimed in claim 10, wherein ihs unmodulated output 

waveloigth is longer than flie modulated output wavelength. 

12. An apparatus as claimed in claim 9, 10, or 11, wherein the first diode laser 
device is a low powa: device. 

25 

13. An apparatus as claimed in claim 9, 10, 1 1, or 12, wherein the second diode 
las« device is a high power device. 

14. An apparatus as claimed in claim 9, 10, 1 1, 12, or 13„ wherein the first diode 
30 laser device is operable to inject the first output Ught signal into the second diode laser device 

via a polarizing beam spUtter. 



15. An apparatus as claimed in claim 14. wherein the first output U^^it signal is 

suppUed to the polarizing beam spUttw via a polarization adjustment device. 
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1 6. An qjparatus fixr 'writing infinmation to an optical disk, including an apparatus 

as claimed in any one of claims 9 to IS. 
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A method is provided for modulating the output of a high power diode laser 
device (SL) using an injected light signal from a low power diode laser device (ML). The 
output of the high power device (SL) is wavelength modulated hy the ii3put signal fix>m the 
low power device (ML). In addition, a new optical storage write mechanism is proposed 
which uses the wavelength modulation technique. Wavelength dependence of the absorption 
of the recording layer of an optical disk translates the diode laser wavelength modulation into 
variations of the absoiption. 
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